choice, dose, route, frequency and duration was achieved in 464 (30.4%) prescriptions. In 382 (25%), the antibiotics administered were not indicated. Conclusion: There was low adherence to the local antibiotic policy guidelines. Physicians' antibiotic prescribing practices should be optimized. Adherence to, and update of, the policy is recommended.
Introduction
The role of antibiotic policies is to guide physicians to prescribe all-appropriate antibiotics, avoid unjustified prescription, reduce the emergence of antibiotic-resistant bacteria, support high-quality clinical practice and minimize unnecessary expenses [1] [2] [3] . The implementation of evidence-based guidelines for use of antimicrobials had been shown to improve the overall patient outcome. Studies [4, 5] have established the efficacy of surgical antibiotic prophylaxis for reducing the risk of postoperative wound infection. Others have consistently shown an association between timely start of antibiotics for patients with serious infections and a favorable clinical outcome [6] [7] [8] .
Successful implementation of an antibiotic policy is as important as development of the policy itself. However, previous studies have shown that adherence to policy recommendations has been suboptimal averaging 40% [9] [10] [11] . In this perspective, three main types of interventions are known to improve antibiotic prescribing in hospitals: (a) persuasive interventions, which focus on the educational standpoints; these include educational materials, meetings or outreach visits, local consensus processes, local opinion leaders, verbal, written or computer-based reminders as well as audits and feedback; (b) restrictive interventions which include selective reporting of laboratory susceptibilities, formulary restriction, requiring prior authorization of prescriptions by infectious disease physicians, microbiologists, pharmacists etc., therapeutic substitutions, automatic stop orders and antibiotic policy change strategies; (c) structural interventions which shift antibiotic prescribing from paper to computerized rec ords and introduce quality monitoring mechanisms [12] .
In Kuwait, a panel of multidisciplinary expert staff had drafted antibiotic policies in government hospitals almost since 1985 and were subject to regular update. However, such policies first appeared as printed pocketsize booklets in 2005 and the national antibiotic policy was printed in 2007. The national policy was distributed via the Infection Control Directorate to infection control departments in the hospitals. The infection control physicians forwarded the copies to the physicians via the heads of departments and were requested to sign a form to ensure that they received their copies. The national policy contains the broad evidence-based guidelines for prescription of antibiotics. In addition, every hospital has its own policy, which is a booklet gathering antibiotic policies from all departments based on the national policy. The hospital policy is formulated through antibiotic committee which includes representatives from the clinical departments, clinical microbiology, pharmacy and the infection control physicians as a coordinator.
Whether or not the antibiotic guidelines included in the policy are effectively applied in clinical practice has been open to question. So far, there is no available data on adherence to the local hospital antibiotic policy guidelines in Kuwait. Collection and analysis of such data are important before starting any program or campaign to promote the prudent use of antibiotics. Initially, we conducted a prestudy pilot survey on 90 records; of these 40 (44.4%) contained antibiotic prescriptions. The pilot survey aimed to examine the aptness of the designed audit form, explore difficulties (e.g. temporary nonexistence of some patients' records during the data collection phase) and estimate the time needed for completion of the audit. Records of the pilot study were not included in the final sample. The aim of the present research was to measure physicians' adherence to the local hospital antibiotic policy guidelines in nine government hospitals.
Materials and Methods

Design and Setting
The study was a retrospective review of medical records, which was conducted over a 6-month period (July 2008 to December 2008) in nine government hospitals; four of six general hospitals and five of nine specialized hospitals were chosen at random. The characteristics of these hospitals are shown in table 1 . Records selected for review belonged to patients discharged from the hospitals in 2007. Because the medical records of 2007 were complete at the beginning of this study, the database of 2007 was used for case selection. Data as defined below were first stratified according to hospital. Then the suggested sample size (n = 2,300) was selected by proportional allocation randomly.
Ethical Consideration
The Standing Committee for Coordination of Health and Medical Research at the Ministry of Health, Kuwait, approved the study.
Audit Form
A precoded audit data collection form was designed to collect the data from medical records. The form was designed by four infection control physicians and was discussed with clinical microbiologists and statisticians. In each record, the most recent hospital admission was checked for antibiotic prescribing. The following data were recorded: patients' demographics, hospital name, unit specialty, date of last admission and discharge, the clinical diagnosis, availability of reasons/indications for prescribing, and the antibiotic-related information. Data for diagnosis were extracted from the clinical notes (symptoms and signs) of the physicians and nurses, laboratory and radiological investigations, microbiological culture and sensitivity reports and medication charts.
On the audit form, the reason/indication for prescribing antibiotics was checked and included: (a) definite or presumed diagnosis of a bacterial infection; the infections were grouped according to the standard method of grouping healthcare-associated infections as described by the Centres for Disease Control and Prevention [13] ; (b) medical prophylaxis (e.g. infective endocarditis); (c) preoperative surgical prophylaxis; (d) irrational prescription for a noninfectious condition (e.g. uncomplicated bronchial asthma) or a nonbacterial infection (e.g. viral infection); (e) unclear, i.e. the information provided in the record was not sufficient to claim specific diagnosis.
Assessment of Adherence to the Policy
We proceeded by identifying the reason for antibiotic prescribing if any, checking indications and evaluating the appropri-ateness of the agent. Analysis of the prescription was based on the recommendations of the local departmental policy. When the antibiotic was prescribed according to the policy-cited choice and/ or based on microbiological culture and sensitivity results, we considered it appropriate and then its dose, route of administration, frequency and duration were further evaluated. If more than one agent was prescribed for a specific condition, all aspects for each antibiotic were evaluated separately. A simplified version of the steps for reviewing the record to evaluate adherence to the hospital policy guidelines is given in figure 1 .
Full adherence (compliance) was defined as prescription of a justifiably indicated antibiotic fulfilling the correct choice, dose, route, frequency and duration of therapy. Nonadherence (noncompliance) to the policy was considered when there was prescription of a nonindicated antibiotic (overprescription), divergence from the advisable antibiotic, or failure to have full concordance with other aspects of the dose, route, frequency or duration. When the diagnosis was unclear in the patient record or the condition which necessitated antibiotic use was not mentioned in the policy, evaluation for adherence could not be performed and was considered as nonassessable.
Compliance was calculated as the percentage of compliant prescriptions divided by compliant plus noncompliant plus nonassessable ones as follows: compliance = [(number of compliant prescriptions)/(number of compliant + noncompliant + nonassessable prescriptions)] ! 100.
Sample Size Calculation
A sample size of 2,300 records was determined on an assumption that antibiotics are prescribed in 40% of the total number of hospital discharges based on results of the pilot survey at 5% significance level and power of 80% using Epi Info TM software.
Statistical Analysis
Data were checked for completeness, accuracy and normality, then analyzed using the SPSS version 17 for Windows (SPSS Inc., Chicago, Ill., USA) by one of the authors (A.S.). Qualitative variables were expressed as numbers and percentages while quantitative variables were expressed as median and interquartile range. Mann-Whitney test was used to compare the median age and hospital stay. A p value ! 0.05 was considered as statistically significant.
Results
Of 2,300 records, 2,232 were reviewed and 68 (3%) were missing. Of the 2,232 records, 1,112 (49.8%) had 1,528 antibiotic prescriptions. Patients who received antibiotics were significantly younger than those who did not (median age: 26.3 vs. 29.8 years, p ! 0.001) and their hospital stay was significantly longer (median: 4 vs. 2 days, p ! 0.001). Age, gender and median hospital stay of patients are presented in table 2 .
Regarding antibiotic indications, antibiotics were 'indicated' in 1,099 (71.9%) of which 936 were evaluated and 163 despite being indicated were not evaluated due to conditions not mentioned in the policy; 'not indicated' in 382 (25%) and 'not evaluated' in 47 (3.1%) due to unclear diagnosis.
With respect to adherence to local policies, antibiotic prescriptions were evaluated as follows: fully adherent 
Discussion
There is a mounting universal public health concern related to higher rates of bacterial antimicrobial resistance. The misuse of antibiotics contributes to this dilemma [14] . In our study, the 25% nonindicated antibiotic prescriptions was within the range of 15.5-72% reported in other studies [15] [16] [17] [18] . The unwarranted prescription of antibiotics among physicians could be due to inaccurate diagnosis, imprecise recognition of conditions that can be treated with antibiotics, and concerns of a poor clinical outcome when antibiotics are not given [19] . Fear of legal action by patients might have led to the tendency of self-protection [9] .
The proper antibiotic choice of 52.7% of all prescriptions in this study was lower (67%) than that reported by Mol et al. [20] . Equally important, a previous study in neonatal units of four hospitals in Kuwait had shown inappropriate choice of empirical antibiotics in 76% of cases as evidenced by the antibiotic susceptibility of the reported organisms [21] .
Surgical prophylaxis was the commonest indication for antibiotic prescribing in our study, comparable to that of Tourmousoglou et al. [22] [ [22] [23] [24] . Lower percentages were reported in other studies [18, 25] . The difference in these findings could be due to differences in the method in each study. The rationale for prescribing a nonindicated surgical prophylaxis in our study might be the fear of complications, sense of more self-assurance of the surgeons when the patient receives antibiotic, or nonacquaintance with the policy recommendations. Therefore, it is crucial for surgeons to understand the true role of prophylaxis, and the drawbacks when used inappropriately. They should be aware of the optimal prophylactic antibiotic, when and for how long it should be given. The key obstacles to local policy adherence need to be explored.
In general, organizational obstacles such as delay in performing or lack of a system to review the required investigations, inconsistent antibiotic availability, and work intensity in the presence of other issues like weak triage system possibly play a role [26] . Likewise, lack of senior support for junior staff or no audit of the prescribed antibiotic regimen and failure to change a familiar wardpopular antibiotic or combination of antibiotics have been shown to influence the empirical and other policyrelated guidelines [27, 28] .
The appropriate use of antimicrobials is an essential part of patient safety and deserves careful oversight and guidance. Given the association between antimicrobial use and the selection of resistant pathogens, the frequency of inappropriate antimicrobial use is often used as a surrogate marker for the avoidable impact on antimicrobial resistance. The combination of effective antimicrobial stewardship with a comprehensive infection control program has been shown to limit the emergence and transmission of antimicrobial-resistant bacteria [25] . The primary goal of antimicrobial stewardship is to optimize clinical outcomes while minimizing unintended consequences of antimicrobial use that include toxicity, the selection of pathogenic organisms (such as Clostridium difficile ), and the emergence of resistance. The secondary goal is to reduce health care costs without adversely impacting quality of care [25] . New antibiotic stewardship tools, such as the use of a blood biomarker-derived treatment algorithm, have been shown to reduce antibiotic consumption. The biomarker, procalcitonin, that is released rapidly into the bloodstream in the presence of an infection, has demonstrated utility in guiding decisions regarding antimicrobial therapy [29] . Introduction of such biomarkers in treatment guidelines in Kuwait could minimize indiscriminate use of antibiotics.
To improve adherence to antibiotic policy, we recommend that more efficient control measures should be developed and implemented which include availability of the guidelines on the hospital information system, monitoring antibiotic misuse through repetitive audits and continuous education of the physicians to raise their awareness of proper prescription. Policies should be revised and periodically updated to cover all conditions treatable with antibiotics.
The study has some limitations. It was a descriptive study for levels of adherence to hospitals' antibiotic policies but did not explore different factors influencing adherence rates. Differences in the content of antibiotic policies between the hospitals included were not studied and data on microbiology analysis were not presented.
Conclusions
The developed antibiotic policies have not been adequately implemented. This suboptimal adherence to antibiotic policies may have had an impact on antibioticresistant rates and healthcare-associated infection incidence rates. Although there was good adherence to the proper antibiotic choice, failure to comply with appropriate dosing, route, frequency and duration of treatment as well as overprescribing were the reasons for poor adherence to the policy as a whole.
